ABSTRACT. We present a simplified method for the collection of mosquito saliva to determine Culex pipiens quinquefasciatus transmission of West Nile virus that can be used for experiments requiring large sample sizes.
Virus transmission is a critical component of laboratory studies of vector competence and is essential to understanding the epidemiology of arboviruses. Mosquito transmission can be determined directly by allowing infected mosquitoes to feed on naïve susceptible vertebrate hosts and periodically assessing the host for the presence of the pathogen or clinical signs and symptoms of disease. The use of laboratory animals for transmission studies has several disadvantages, including expense, animal-welfare regulations, and the need for special facilities to maintain infected animals. Furthermore, laboratory animal models may not be useful or available for every vector-virus system (Smith et al. 2005) .
The likelihood of transmission of an arbovirus by a mosquito can be determined by analyzing mosquito saliva for the pathogen; however, these studies are typically time consuming and inefficient. A common alternative is to measure midgut infection (i.e., body infection) and/or dissemination out of the midgut (i.e., leg infection), with the latter used as an indication of transmission capability. However, these indicators may not reflect transmission accurately. Often, relationships between infection, dissemination (Richards et al. 2007 (Richards et al. , 2009 , and transmission rates are also dependent on biological and environmental conditions (Kilpatrick et al. 2008) .
Collecting saliva to determine the presence of virus has been performed since 1966 (Hurlbut 1966) . Several methods have been developed to collect saliva from mosquitoes. Methods include using capillary tubes filled with different types of media such as defibrinated blood (Aitken 1977) , immersion oil (Colton et al. 2005 , Smith et al. 2005 , mineral oil (Hurlbut 1966) or fetal bovine serum ). Due to the hydrophobic nature of the proboscis of Culex spp., immersion oil is the preferred media to collect saliva from this genus of mosquitoes (Colton et al. 2005) . Another method of saliva collection is suspension feeding using a droplet of blood suspended on the top of the cage housing the test mosquito, allowing the mosquito to feed from the suspended droplet and then testing the droplet for the presence of virus (Gubler and Rosen 1976) . However, this method may be difficult to implement with species that feed inefficiently on the suspended droplet and for experiments involving large sample sizes. It is difficult to determine the most efficient saliva collection technique to use because of the diversity of techniques presented in the literature. Here, we provide a simple device and procedure that allows an efficient and costeffective method to collect saliva from a large number of mosquitoes to determine arbovirus transmission with Culex pipiens quinquefasciatus Say and West Nile virus (WNV).
The methods used to infect Cx. p. quinquefasciatus and sample processing to detect WNV are described elsewhere (Richards et al. 2007 (Richards et al. , 2009 ). Briefly, Cx. p. quinquefasciatus mosquitoes from a laboratory colony (F . 45) were offered pledgets soaked with warmed (35uC) virus-soaked blood containing 6.9-7.0 logs plaque-forming units WNV/ml and held with 20% sugar ad libitum at 28uC for a 13-14-day incubation period (IP) prior to saliva collection. The mosquitoes were then dissected by sterile techniques; the wings and legs of each mosquito were transferred to a tube containing 1 ml BA-1 diluent, and stored at 280uC until processing (Richards et al. 2009 ). The remaining portion of the live mosquito was used to collect saliva, then collected in a tube for total body titer determination.
Infection rate was calculated as the number of virus-positive bodies divided by the total number of mosquitoes tested. Dissemination rate was calculated as the number of mosquitoes with virus-positive bodies that also had infected legs. Transmission rate was calculated as the number of mosquitoes with virus-positive bodies that also had infected saliva.
To collect saliva from mosquitoes, we adapted methods provided elsewhere (Hurlbut 1966 , Aitken 1977 , Cornel and Jupp 1989 , Colton et al. 2005 , Smith et al. 2005 . A mosquito salivation device (Figs. 1A, 1B) was constructed with plexiglass (25.5 cm 3 17.5 cm) as the surface on which to place mosquitoes. Laboratory bench paper was affixed under the plexiglass to create a white background for better visibility of mosquitoes. The plexiglass was secured to a plastic sample rack (24.5 cm 3 12.5 cm 3 7.0 cm) to provide the appropriate height for manipulation of mosquitoes (Nalgene, ThermoFisher Scientific, Rochester, NY) inside an enclosed glove box. Autoclave tape (Propper Manufacturing Co., Long Island City, NY) was placed sticky-side up along the top of the salivation device in order to secure the live mosquitoes. Immersion oil (0.01 ml) (Carl Zeiss, Oberkochen, Germany) was added to capillary tubes (75 mm, 70-ml capacity; Fisher Scientific, Pittsburg, PA) with the use of a sterile pipette tip (Rainin, Woburn, MA) inserted into the end opposite the oil. At the conclusion of the 13-14-day IP, mosquitoes were immobilized with cold and wings and legs were removed as described previously (Richards et al. 2009 ). Live mosquito bodies were then placed onto the sticky side of the tape affixed to the salivation device so that the proboscis extended beyond the tape (Figs. 1A,  1B) . Gentle pressure was applied to secure each live mosquito to the tape. Separate capillary tubes containing oil were laid flat on top of the salivation device and gently placed over each mosquito's proboscis; this was repeated for 25 mosquitoes per salivation device. Mosquitoes were allowed to salivate for approximately 30-45 min, after which the capillary tubes were removed and the contents were expelled via pipettor into tubes containing 1 ml BA-1 diluent. Mosquitoes were visually verified to be alive at the conclusion of the 45-min salivation period by the occurrence of movement. If the mosquito did not exhibit movement upon completion of the saliva collection period, then the mosquito was removed from the study. Once saliva was collected, each mosquito body was placed in a separate tube containing 1 ml BA-1 diluent and stored at 280uC until processing for WNV.
To test for the presence of WNV in mosquito bodies, legs, and saliva, methods described elsewhere were used (Richards et al. 2007 (Richards et al. , 2009 ). Briefly, samples were homogenized at 25 Hz for 3 min (TissueLyser; Qiagen, Inc., Valencia, CA) and centrifuged at 3,148 3 g for 4 min at 4uC. Viral RNA was extracted with the use of the MagNA Pure LC System and Total Nucleic Acid Isolation Kit (Roche, Mannheim, Germany). The amount of viral RNA in each sample was quantified with the use of the Superscript III One-Step Quantitative reverse transcriptase-polymerase chain reaction (RT-PCR) kit (Invitrogen, Carlsbad, CA) for quantitative real-time TaqMan RT-PCR (qRT-PCR) (Lanciotti et al. 2000) by the LightCyclerH 480 system (Roche).
The method reported here uses a larger volume of oil (0.01 ml) than most previous studies (0.003-0.01 ml of collection media) (Aitken 1977 , Cornel and Jupp 1989 , Colton et al. 2005 , which makes it easier to expel the oil. By inserting a pipette tip into the end of the capillary tube opposite the oil, it is possible to push air through the tube and expel the oil into a sample tube containing diluent. The modified capillary tube method with immersion oil was used to assess WNV transmission in Cx. p. quinquefasciatus directly (Table 1 ). The results show that 27-33% of mosquitoes fed WNV-infected blood meals transmitted WNV in their saliva, even though 98-100% of infected females showed disseminated infection with virus in the legs. Our results support that measuring disseminated infection to the legs is not always a good indicator of transmission. These results were consistent with other studies that examined WNV saliva infection in Cx. p. quinquefasciatus (Vanlandingham et al. 2004 , Colton et al. 2005 .
Other methods of saliva collection, such as droplet feeding, show virus transmission rates consistent with the capillary tube method (Cornel and Jupp 1989) . However, the droplet method is cumbersome, as it requires placing each mosquito singly into a cage and observing the duration of feeding. Conversely, the capillary tube method allows for a controlled period of forced salivation to ensure that variations in virus titers are not affected by different feeding durations. The length and diameter of the capillary tube are also important factors. The capillary tube dimensions specified here allow for easy placement over the mosquito proboscis and expulsion of the immersion oil upon completion of the salivation period. Even though variations on these methods have been reported previously, most reports are based on small sample sizes (n , 60) and have been done for a limited number of viruses and mosquito species. The methods used here allow for efficient manipulation of up to 25 mosquitoes at a time. Consequently, this device would be useful for large-scale experiments and allow a single researcher to assess transmission in 75-100 mosquitoes per day. (79) 3 (13) 6.6 6 0.1 4.2 6 0.2 1.9 6 0.4 14 6.9 6 0.1 100 100 (100) 99 (99) 29 (29) 6.8 6 0.1 4.8 6 0.1 2.6 6 0.2
